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Abstract
Demographic distribution of the population is progressively changing with the proportion of elderly persons
increasing in most societies. This entails that there is a need to evaluate the impact of common diseases, such as
asthma and other allergic conditions, in this age segment. Frailty, comorbidities and polymedication are some of
the factors that condition management in geriatric patients. The objective of this review is to highlight the
characteristics of allergic diseases in older age groups, from the influence of immunosenescence, to particular
clinical implications and management issues, such as drug interactions or age-related side effects.
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Introduction
People 65 years old or more are the fastest growing seg-
ment of the population in the developed countries. By
2030, it is estimated that this group will comprise about
20% of the total population, and among elderly persons,
the percentage of patients aged above 80 years will
increase disproportionately. The prevalence of allergic dis-
eases, in the elderly is estimated around 5-10% [1,2].
Although allergic conditions are often thought of as child-
hood disorders, the disease often persists into older age
and can occasionally make its initial appearance in the
elderly.
Specific issues that arise when investigating allergies in
the elderly patients are several. First of all, the definition of
older persons needs to be clarified in order to homogenize
nomenclature when addressing this entity. Usually, the
term older adults is applied to persons 65 years or older,
since it takes into account not only the chronologic aspect
of aging, but also the fact that around this is retirement
age in many countries. Subclassification into several ranges
after this age may take into account increasing frailty,
comorbidities and dependence.
A number of factors in older subjects contribute to
their risk for developing allergic related conditions.
These include frailty, coexisting medical problems,
memory issues and use of multiple prescribed and non
prescribed medications [3]. However, more studies
should be designed so as to know the prevalence and
particularities of allergy in the elderly since data in this
field are scarce. Also, recruitment of older subjects into
clinical trials is necessary to provide a reliable evidence
base to facilitate the identification of safe and effective
diagnostic and therapeutic methods for elderly patients
with suspected allergic conditions.
Underlying mechanisms of allergic diseases in the elderly
Immunosensecence
The complex process of immunosenescence, the aging of
the immune system, affects both the innate and the adap-
tive immune system. The clinical consequences include
not only increased susceptibility to infection, malignancy
and autoimmunity, but also decreased response to vacci-
nation, and impaired wound healing. The most severe
clinical impact is probably a result of the loss of diversity
in the T-cell-receptor and B-cell-receptor repertoire,
owing to the accumulation of dysfunctional cells, and
decreased thymic and bone-marrow output. Immunose-
nescence in the innate immune system appears to reflect
dysregulation, rather than exclusively impaired function.
Changes of inmunosenescence features on immune cells
are summarized in Table 1 [4-7].
Some molecules such as zinc, vitamin D or iron, seem
to play a relevant role in maintaining the immune
response. Data reported clearly suggest that the essential
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trace element, zinc (Zn) plays a pivotal role for the
immune efficiency. It is required to reach healthy aging
and longevity. The intracellular zinc homeostasis is
regulated by buffering metallothioneins (MT) and zinc
transporters (ZnT and ZIP families) that mediate the
intracellular zinc signalling assigning to zinc a role of
“second messenger”. In aging, the intracellular zinc
homeostasis is altered, because high MT are unable to
release zinc and some zinc transporters deputed to zinc
influx (ZIP family) are defective leading to low intracel-
lular zinc content for the immune efficiency. Physiologi-
cal zinc supplementation in the elderly improves these
functions in some cases, although it remains unclear
which old subjects who effectively need zinc supplemen-
tation [8].
Serum concentrations of vitamin D are generally low-
ered in older compared with younger subjects [9]. Calci-
triol, the active form of vitamin D, influences innate and
adaptive immunity. It acts on APC and T cells to pro-
mote peripheral tolerance via inhibition of inflammatory
responses and induction of regulatory T cells [10]. Epi-
demiologic studies highlight the increasing prevalence of
vitamin D deficiency and insufficiency and its associa-
tion with an increased risk of autoimmune diseases and
poor respiratory function, including asthma. There
seems to be a non-linear association between calcitriol
and IgE concentrations [11].
Clinical observations supported by epidemiological
data, have demonstrated age-related declines in serum
total immunoglobulin E (IgE) and in allergen sensitiza-
tion in the elderly. Serum total IgE comparisons between
younger and older subjects without any allergic disease
have demonstrated significantly lower levels in the older
subjects [12]. Nevertheless, atopic disorders are complex
diseases that involve interactions among several physiolo-
gical systems, skin, lung, mucosae, and the immune sys-
tem and are also present in the elderly and seems that
immunosenescence does not affect increased IgE levels in
atopic patients with AD and/or high serum IgE levels
indicating that in these subgroups of patients the atopic
propensity remains into advanced age [13]. In spite of
these observations, skin tests and specific IgE to diagnose
inhalant, food or drug allergy can and should be used
both in younger and older patients [14-16].
Specific organ changes
Typical symptoms of allergic rhinitis like nasal obstruc-
tion, postnasal drip or cough may be worsened by the
anatomic and physiological changes of the nose that
occur with age [17]. Structural changes, such as retrac-
tion of the nasal columella due to weakening of septal
cartilage and a loss of nasal tip support, may decrease
nasal airflow leading to exacerbation of nasal obstruction,
complaints commonly seen in geriatric rhinitis patients.
Postnasal drip and cough are common AR symptoms
that can be worsened by thickened mucus along with
decreased mucociliary clearance with age. Temperature
and humidity values in the nasal cavity are significantly
lower in the geriatric population, which could explain the
nasal irritation symptoms related to dryness and crusting
[18]. Moreover, it has recently been described that the
severity of symptoms of allergic rhinitis are significantly
correlated to the mucociliary transport time, which slows
with age [19].
Although asthma is nowadays considered a heteroge-
neous disease with many phenotypes and endotypes
accounting for differential clinical expression, several
biologic processes related to aging seem to be involved
in the physiopathology of asthma in the elderly. Genetic,
epigenetic and environmental factors are known to
account for these changes. Processes such as cell aging,
progressive loss of lung function during life, together
with anomalies in the inflammation associated with
Table 1 Summary of immunosenescence features
Cell type Changes with aging
Neutrophils Reduced phagocytosis
Reduced reactive oxygen species production
Defect in apoptotic cell death
Eosinophils Reduced degranulation
Reduced superoxide production
Mast cells Reduced degranulation
Dysregulations in function
Monocytes/
macrophages
Reduced phagocytosis
Reduced cytokine and chemokine secretion
Reduced generation of nitric oxide and
superoxide
Dendritic cells Reduced phagocytosis and pinocytosis
Increased IL-6 and TNF-alfa production
Diminished TLR expression and function
Dysregulations in function
T cells Reduced response and proliferation
Reduced CD28 expression
Reduced TCR diversity
Reduced signal transduction
Dysregulations in function
B cells Production of low-affinity antibodies
Increased oligoclonal expansion
Decline in serum total IgE values
Reduced surface MHC class II molecule
expression
Dysregulations in function
Epitelial cells Impaired production of cytokines
Decreased clearance of particles
NK cells and NKT cells Reduced numbers or increased in several
tissues
Reduced cytotoxicity and proliferation
Adapted from [4-7]
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asthma, may be some of the hallmarks of asthma in this
age group. Current knowledge and further needs in
research have recently been reviewed in a workshop of
the National Institute on Aging (NIA) of the United
States [20].
Skin aging is characterized by atrophy of the epidermis
and dermis due to loss of hydration, as a result of chron-
ologic and environmental factors [21]. Characteristic of
aging is a progressive loss of function and structural
integrity resulting in impaired immune response and skin
barrier function, vascular impairment, metabolic imbal-
ance of reactive oxygen species, and components of the
extracellular matrix [22].
Elderly patients may develop allergic contact dermatitis
(ACD) despite the fact that cell-mediated immunity is
decreased as a result of unknown mechanisms. Absolute T
and B cell counts are not reduced with age. Age does not
seem to affect the number of Langherhans cells in the
elderly skin compared with the nonelderly skin [23]. It has
been reported that both CD4+ and CD8+ subsets probably
contribute to the immune response in ACD because they
both have the capacity to produce IL-17 and are present
in significant numbers in the infiltrate [24].
Murine as well as human studies indicate that physiolo-
gical changes affecting also the local immune responses
might contribute to the development of food allergy. The
induction of mucosal tolerance has been shown to be
impaired in aged animals, while the effector phase is main-
tained [25], so oral tolerance established in young age is
usually maintained in senescence while the ingestion of
new dietary proteins may induce de novo sensitization.
One of the first-line gastrointestinal defence mechanisms
against ingested antigens is secretory IgA. It has been
reported that orally induced antigen-specific IgA responses
are weakened in aged animals [26]. Iron deficiency, a pre-
valent condition in geriatric populations, can also have a
role in the development of food allergy in older patients. A
reduction of iron leads to a decrease of IgG4 responses
[27], known to prevent activation of effector cells by cap-
turing the allergen before it can cross-link cell-bound IgE.
An impairment of intestinal permeability may also predis-
pose to the development of food allergy. Both animal [28]
and human studies [29] have shown an increase of intest-
inal permeability with aging. Extrinsic factors which may
increase permeability such as alcohol [30,31], or which
induce hypoacidic conditions such as proton pump inhibi-
tors [32] or antiacid drugs[33] have also been related to
increased food allergy.
Clinical features of allergic diseases in the elderly
Allergic rhinitis
Although the peak incidence is during adulthood, allergic
rhinitis (AR) is prevalent among older people affecting
around 5.4 to 10.7% of patients above 65 years [31,34,35].
Patients typically present with sneezing, pruritus and
nasal congestion. It has been described that patients over
50 years and older have a higher frequency of isolated
ocular symptoms [36]. A detailed allergy history is crucial
in the diagnosis of AR in older individuals, because this
population is at particular risk for other types of rhinitis
that may cause similar symptoms [37]. Reduction of
blood flow to the nose can lead to progressive nasal atro-
phy and clinical manifestations of atrophic rhinitis, and
thinning and dryness of the mucosa make the elderly
especially prone to rhinitis medicamentosa.
Asthma
Asthma affects older patients just as in any other age
group. The prevalence of asthma in the elderly in devel-
oped societies is estimated around 6-10%. Fatalities are
higher in older asthmatics compared to other age groups
in which mortality is steadily decreasing [38].
Diagnosis of asthma is hampered by certain limitations
in elderly asthmatics, rendering an estimate that only half
of asthmatics patients being diagnosed [39]. Symptoms
characteristic of asthma, such as wheeze, cough, chest
tightness or dyspnoea, may not be as straight forward in
this age group and are easily mistaken as expression of
other common conditions such as bronchitis, chronic
obstructive pulmonary disease (COPD) or heart failure.
Also, it seems clear that objective diagnostic tests such as
spirometry, bronchodilator response or non-specific bron-
chial challenge tests are underused in elderly patients
[40,41]. Nevertheless, it has been shown that spirometry
can be adequately performed by the majority of older
patients [42,43]. In some cases, when previous tests are
not confirmatory, a course of oral steroids may aid in
establishing if bronchial obstruction is reversible or not
[44]. Further diagnostic tests will be needed in order to
rule out other conditions or comorbidities such as par-
enchymal lung disease, COPD, gastro-oesophageal reflux,
sleep apnoea or congestive heart failure (Table 2). Assess-
ment of inhalant sensitisation has been shown to be useful
in aged patients to classify their asthma and to consider
etiologic measures such as avoidance or even specific
immunotherapy in selected cases [16].
Cutaneous allergic conditions
Clinically, aged skin is characterized by atrophy, wrinkling,
fragility, alterations in pigmentation, a higher frequency of
benign and malignant tumours, and a greater tendency to
xerosis. Altogether, these factors contribute to greater sus-
ceptibility to dermatologic diseases and pruritus, the most
common skin complaint in patients over the age of 65
years, frequently associated with dry skin [45-47].
Systemic pruritus is defined as pruritus arising from
disease of organs other than the skin, such as liver, kid-
ney, or blood. This type of pruritus should be differen-
tiated from neurologic pruritus, which can arise from
neuronal damage (neuropathic itch) or can have
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neurogenic origin without neuronal damage, such as
itching after administration of opioids (neurogenic itch).
Systemic diseases, including also some neurologic disor-
ders that may be responsible for pruritus, are mentioned
in Table 3[48]. Psychogenic pruritus, also called somato-
form pruritus, constitutes a distinct category and may
accompany various psychiatric conditions [49]. Many
systemic and topical drugs can induce pruritus, so this
adverse effect should be taken into account when asses-
sing old patients with chronic itch [50].
ACD in the elderly is not uncommon [24,51,52]. The
most common contact allergens are nickel sulphate (11-
12%) and fragrance/balsam of Peru (7-9%) [24,53]. Topical
medications, such as those used for leg ulcers, are a com-
mon cause of ACD [24,52,54]. Neomycin and the corticos-
teroids, often give late positive reactions; it is therefore
important to perform delayed readings of patch tests
[55,56]. Also, patients who have undergone ostomies for
gastrointestinal or urinary disorders often develop irritant
or allergic stomal dermatitis. Allergens involved include
adhesives, fragrances, rubber chemicals and acrylates [57].
Photopatch testing should be carried out whenever there
is a photodistributed eczematous rash [55].
Atopic dermatitis is much less common in the elderly
compared with children and young adults. It is associated
with seasonal mucosal allergies, asthma and positive prick
tests to various allergens. Late onset atopic dermatitis,
without the usual history of atopy, may explain eczema of
unknown origin and negative patch tests [58]. Scabies
should enter the differential diagnosis in generalised der-
matitis, as institutional acquisition of scabies is common
in the elderly.
Urticaria (with or without angioedema), especially
chronic spontaneous urticaria, is quite common in
elderly patients. Systemic diseases that may induce urti-
caria should be ruled out (table 3). Angioedema in the
absence of urticaria can be due to overproduction of bra-
dykinin. It is exceptional that hereditary deficiency in the
C1 inhibitor (HAE-C1-INH) has its onset in the elderly.
On the other hand, it is more frequent that acquired C1
inhibitor deficiency (AAE-C1-INH) presents in the older
age [59], and it is characterized by massive activation of
the classical complement pathway and accelerated cata-
bolism of C1-INH due to lymphatic tissue neoplasms or
autoimmune diseases. Although there are no published
data of the prevalence of this condition, it seems to be
low. In contrast, the prevalence of angiotensin-converting
enzyme inhibitor angioedema (AE-ACEi) is quite high,
ranging from 0.1%-2.2% [60,61] and it should be sus-
pected in all patients with AE who are receiving ACEi.
Normal levels of complement factors help to reinforce
clinical suspicion and to rule out the possibility of AE
with C1-INH deficiency.
Food allergy
Although epidemiological studies reveal an increase in
food allergies (FA) in industrialized countries these are
Table 2 Assessment and management issues of asthma in older patients
Assessment
Comorbidities
COPD Smoking history, spirometry, 6-min walking test, oxygen saturation,...
Congestive heart failure Chest X-ray, echocardiogram, B-type natriuretic peptide
Gastro-oesophageal reflux Proton pump inhibitor trial, oesophageal pHmetry
Sleep apnoea Sleep monitoring
Anaemia Haemoglobin
Mood and mental disorders Psychological evaluation, specific test scores for depression, anxiety, dementia
Risk factors
Smoking Self report, exhaled carbon monoxide
Excessive or deficient body weight Body mass index
Activity limitation Self reported
Management
Inhaler device technique Direct assessment
Exacerbation management Self report
Polymedication Medication review
Common conditions affected by asthma drugs
Cataracts Ophthalmic examination
Osteoporosis Densitometry
Hyperglycemia Glycaemia monitoring
Adapted from Gibson PG et al. [38]
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mainly focused on children and young adults. Neverthe-
less, a proportion of patients will face a persistence of
their problem. Also, previously unaffected individuals
may develop symptoms of food allergy during adulthood
for the first time. In the Allergy Section at Hospital Vall
d’Hebron, we have observed a prevalence of 5% of FA
in our outpatients older than 65 years, compared to
26% in patients aged 40 to 65 and 69% in younger
patients (16-39 years old) (data not published). The pro-
file of sensitization to different foodstuffs does not differ
among groups except for Rosaceae fruits and fish, which
are more frequent in young patients. Regarding clinical
manifestations, anaphylaxis is less common in older
patients [62].
Drug allergy
Adverse drug reactions (ADR) are very common in frail
elderly, cause clinically significant morbidity and mortal-
ity and are associated with large economic costs [63-66].
ADR are observed 2 to 3 times more frequently in geria-
tric patients than in adult patients younger than 30 years.
It is estimated that ADR are responsible for up to 10% of
hospital admissions in older patients with overdosing
being a significant problem in the elderly [67-69].
Drugs most commonly implicated in type I, II and III
hypersensitivity reactions in older patients include beta-
lactam drugs, nonsteroidal anti-inflammatory drugs
(NSAIDS), quinolones, trimethoprim-sulfamethozaxole,
nitrofurantoin, heparin, neuromuscular blocking agents,
antiepileptics, chemotherapeutic agents, monoclonal
antibodies and immunosuppressive drugs [70-74]. On the
other hand, systemic drugs most commonly implicated in
causing type IV reactions are antiepileptics, allopurinol,
dapsone, abacavir and nevirapine [75].
The evaluation of a potential drug allergy in the elderly
may include a thorough history, skin tests (prick and/or
intradermal test, or patch tests) and in selected cases oral,
intramuscular or intravenous challenge tests. However, it
is important to evaluate the extent of comorbidity and
functional impairment that is present in elderly patients
prior to the initiation of a drug allergy study. For this rea-
son, a comprehensive geriatric assessment (CGA) can be
particularly useful [76]. Most outpatient CGA programs
exclude patients who are unlikely to benefit of some thera-
peutic plans because of terminal illness, severe dementia
and complete functional dependence or inevitable nursing
home placement [77,78].
Polymedication is a limitation in drug allergy assess-
ment. Older ambulatory patients use approximately three
times as many medications as younger patients. Hence,
the use of large numbers of medications by older patients
Table 3 Systemic diseases accompanied by generalized pruritus/urticaria
Liver diseases Primary biliary cirrhosis
Primary sclerosing cholangitis
Extrahepatic cholestasis
Heptatits B and C
Kidney diseases Chronic kidney insufficiency
Hematologic diseases Polycythemia vera
Hodgkin disease
Non-Hodgkin lymphomas
Leukemias
Myeloma Multiplex
Iron deficiency
Systemic mastocytosis
Hypereosinophilic syndrome
Myelodysplastic syndromes
Endocrine disorders Diabetes
Hyperthyroidism
Hypothyroidism
Hyperparathyroidism
Neurologic diseases (neuropathic pruritus) Brain injury/tumor (frequently unilateral pruritus)
Sclerosis multiplex
Small fiber neuropathy
Solid tumors (paraneoplasic pruritus)
Carcinoid syndrome
Infectious diseases HIV infection/AIDS
Infestations
Adapted from Reich A et al. [48]
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increases the likelihood of harmful drug interactions,
adverse drug reactions and drug allergies and, in occa-
sions, makes it difficult for the allergist to identify the
suspected medication responsible for the ADR [79].
Pharmacology in allergic elderly patients
The potential for drug interaction increases with age
and with the number of drugs prescribed [80]. The
most important mechanisms for drug-drug interactions
are the inhibition or induction of drug metabolism, and
pharmacodynamic potentiation or antagonism. This is
because the elderly have reduced homeostatic mechan-
isms, decreased renal function and a biotransformation
in the liver may also play a role and are therefore parti-
cularly sensitive to, for example, the combined postural
hypotensive or sedative effects of drugs [81]. Strategies
to avoid drug-drug interactions in the elderly include an
appropriate alerting system in computers in general
practice, exercising care in prescribing, monitoring
patients regularly, paying special attention to institutio-
nalised and frail elderly patients, auditing drug interac-
tions and reporting drug interactions to the regulatory
authorities.
When prescribing a treatment for AR in the elderly, the
possibility of drug-drug interactions, and the impact of
drug treatment on concomitant diseases should be taken
into account. Nasal steroids, topical antihistamines and
non-sedating antihistamines are particularly suited for
management of AR in the elderly both for safety and effi-
cacy. Clearance of leukotriene receptor antagonists is
decreased in the elderly, and has the potential to interact
with a wide range of drugs that inhibit or induce the CYP
3A4 or 2C9 systems [34]. As a general rule, first-genera-
tion antihistamines should not be used for AR in the
elderly due to risks of side effects and interactions with
other medications [82]. Topical and systemic deconge-
stants should also be avoided because they may aggravate
nasal dryness and cause systemic side effects such as con-
fusion, difficulty in urination, irritability and aggravation
of glaucoma. Non-pharmacologic treatment should
include nasal lavage with isotonic sodium chloride for
reducing nasal dryness and clearing thick mucus [83].
Management of asthma in older patients seems subop-
timal, and the use of inhaled corticosteroids is low,
although they are probably the best maintenance ther-
apy in most patients [37,84]. Nevertheless, medical evi-
dence in this age group is very limited due to the
systematic exclusions of elderly people, smokers or
patients with concomitant COPD from trials, and subse-
quently guidelines derived from such evidence may not
be fully applicable to older patients or those with several
comorbidities. In the case of older asthmatics, all these
issues should be carefully assessed when establishing
management, as well as possible drug interactions, cap-
ability to use inhaler devices and patient preferences.
The use of long-acting b-adrenergic agonists (LABAs)
has a synergic effect with inhaled corticosteroids.
Although older patients with coronary disease may be
more prone to adverse side effects, they are generally
considered safe, but discontinuation should be consid-
ered when control of asthma is achieved [85,86]. Also
short-acting b-adrenergic agonists can cause cardiotoxi-
city in case of overdosing. In some cases, the use of an
anticholinergic aerosol could be a therapeutic option.
Other alternative treatments such as leukotriene recep-
tor antagonists, which may be useful in some aspirin
sensitive patients, or theophylline, may be considered.
Nevertheless, due to its narrow therapeutic window,
careful monitoring is advised if theophylline is used.
Influenza and pneumococcus immunization protect
against these respiratory infections which are directly
related to a significant number of asthma exacerbations,
and should therefore be recommended in older asth-
matics [87].
Options for treatment of skin allergic disorders include
topical and systemic drugs. Topical treatments may pre-
vent major adverse effects. Cooling agents such as
menthol, may decrease the intensity of itching by activa-
tion of low temperature receptors in the skin. Anaes-
thetics with formulations based on benzocaine or
lidocaine are widely used, especially in neuropathic pruri-
tus, but they can induce ACD and may induce side
effects in the circulatory system [88]. Antihistamines
such as topical doxepine are effective in atopic and ACD.
Other topical antihistamines may induce contact allergy
[89]. Capsaicin owes its antipruritic properties to desensi-
tization of sensory nerve fibres and it has shown to be
effective in nostalgia paraesthetica, prurigo nodularis and
uremic pruritus [88]. Topical corticosteroids have limited
value in the treatment of pruritus; they might only be
effective in inflammatory skin disorders. Calcineurin
inhibitors are potent antipruritic drugs in patients with
atopic dermatitis [90]. N-palmitoylethanolamine, a can-
nabinoid receptor CB2 agonist, is a promising new com-
pound that activates cannabinoid receptors in the skin
and has shown to reduce pruritus in atopic dermatitis,
lichen simplex, prurigo nodularis, and chronic kidney
disease-associated itching [91].
Systemic treatment options for pruritus include sedat-
ing antihistamines, antidepressants, μ- or -opioid recep-
tor agonists and neuroleptics. Most of these drugs are
not devoid of relevant side effects, such as drowsiness.
Therefore it is usually recommended to start at low doses
in the elderly and to taper up [92]. UVB phototherapy is
effective especially in uremic pruritus, cholestasic pruri-
tus and HIV-associated pruritus [93]. Psychotherapy is
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helpful in the treatment of somatoform pruritus or neu-
rotic excoriations.
Atopic dermatitis, and all of the others forms of derma-
titis that are recalcitrant to other therapies, can be treated
with topical or systemic corticosteroids. If they are inef-
fective or adverse effects preclude the use of corticoster-
oids, treatment with calcineurin inhibitors, phototherapy,
or systemic immunosuppressives such as cyclosporine
could be used [55].
Antihistamines
First-generation H1 receptor antagonists are lypophilic
and therefore may cross the blood-brain barrier. Elderly
persons may be at greater risk of adverse effects involving
the CNS, such as confusion, sedation, dizziness, sleepi-
ness or impaired cognitive function [94]. It has been
shown that diphenhydramine administration in older
hospitalized patients over 70 years of age is associated
with increased risk of cognitive decline compared with
nonexposed patients [95]. Because of the lack of specifi-
city for the H1 receptor, first generation antihistamines
also have additional dopaminergic, serotoninergic, mus-
carinic and cholinergic adverse effects [96]. Thus, parti-
cularly in the elderly, there is a higher risk of urinary
hesitancy, urinary retention, constipation, as well as
arrhythmias, peripheral vasodilatation, postural hypoten-
sion or tachycardia. These side effects may lead to falls or
aggravation of concomitant diseases such as prostatic
hypertrophy, glaucoma and heart disease. In a recent
study on the inappropriate drug use and mortality in
community-dwelling elderly, first-generation antihista-
mines accounted for one of most frequent drugs pre-
scribed although contraindicated [97]. In the light of
these findings, first-generation antihistamines should be
prescribed with extreme caution in elderly patients.
Second-generation antihistamines have a lower capa-
city to cause CNS-related adverse effects as they have a
low potential to cross the blood-brain barrier, and pro-
vide selective H1 blockade without anticholinergic or
alpha-adrenoreceptor antagonist activity. Some second-
generation antihistamines are metabolized by the cyto-
chrome 450 enzyme system in their first pass through
the liver, which may lead to drug-drug interactions or
elevated plasma drug interactions in patients with liver
dysfunction and others are excreted through the kidneys
and dosage has to be adjusted according renal function
[82]. Second-generation oral H1 antihistamines poten-
tially requiring a dose reduction in patients with hepatic
dysfunction include cetirizine, ebastine, levocetirizine,
and loratadine. Those potentially requiring a dose reduc-
tion in patients with renal dysfunction include cetirizine,
ebastine, fexofenadine and levocetirizine [98]. According
to the studies of Affrime et al in healthy subjects, no
dosage adjustment for desloratadine is required in the
elderly [99].
Corticosteroids
Topical and oral corticosteroids are particularly useful in
the treatment of acute and delayed hypersensitivity dis-
eases. However, they have adverse effects on many organ
system, and these range from those that are not necessa-
rily serious (e.g. cushingoid appearance), to those that are
life-threatening (e.g. serious infections)[100].
Some of these adverse effects may be aggravated in the
elderly. Patients receiving prednisolone 5-40 mg/day for
at least 1 year have a partial loss of explicit memory, and
elderly patients may be more susceptible to memory
impairment with less protracted treatment [101].
The risk of developing diabetes mellitus is increased by
more than two-fold in elderly patients who are newly
initiated on oral corticosteroid therapy [102]. An
increased risk for peptic ulcer disease has been reported
in corticosteroid users who were receiving NSAIDs con-
currently, persons receiving NSAIDs and corticosteroids
have a risk for peptic ulcer disease that is 15 times
greater than that of nonusers of either drug [103]. This
finding is especially important in allergy practice because
patients receiving oral corticosteroids are likely to be
receiving NSAIDs as well, given that aspirin or other
NSAIDs are among the most prescribed drugs in old age
[100].
Other frequent conditions of old age such as cataracts
[104] or osteoporosis [105] have also been related to the
use of systemic but also of high doses of inhaled corti-
costeroids, and should be borne in mind when treating
allergic geriatric patients.
Specific immunotherapy in the elderly
Altered function of aged immune system is primarily
associated with exposure to “new” antigenic challenges,
as is the case for decreased efficient therapeutic value of
vaccinations among the elderly population. While influ-
enza vaccination has shown to reduce influenza-related
mortality, current influenza vaccines have limited efficacy
in elderly (17-53%) compared to vaccine efficacy in
young adults (70-90%). To provide better protective mea-
sures for the increasingly aging population new and
improved vaccines are needed. Currently, a variety of
approaches are being explored to enhance the efficacy of
influenza vaccines in the elderly, including the use of
adjuvants, altering antigen dose and identifying the best
routes of vaccine administration [106]. There is not simi-
lar evidence with specific immunotherapy. There are few
studies of use of this treatment in older adults.
Specific immunotherapy (SIT) is deemed the only
treatment that can at least partly modify the natural
course of the disease during its initial stages. Its use in
elderly patients is still debated.
Injection SIT can be considered an effective therapeu-
tic option in otherwise healthy elderly patients with a
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short disease duration whose symptoms cannot be ade-
quately controlled by drug therapies alone [107,108].
One study also describes that sublingual immunotherapy
(SLIT) reduces symptoms, drug consumption and the
progression of the disease in both young and elderly
subjects allergic to house-dust mites, with persistent rhi-
nitis and mild bronchial asthma [109].
Conclusions
Allergic diseases do affect elderly patients and special con-
siderations regarding diagnosis and treatment should be
taken into account when assessing these patients. Clinical
manifestations may be less straightforward than in
younger age groups, hampering the recognition of the dis-
ease, and rendering a more complicated differential diag-
nosis. Treatment options may be limited by comorbidities
and ongoing medication use, which may give rise to dele-
terious effects on the allergic disease or to drug interac-
tions with anti-allergic medications. Therefore, further
research is warranted in this area.
Abbreviations
AAE-C1-INH: acquired C1 inhibitor deficiency; ACD: allergic contact
dermatitis; ADR: adverse drug reactions; AE: angioedema; AE-ACEi:
angiotensin-converting enzyme inhibitor angioedema; AR: allergic rhinitis;
CGA: comprehensive geriatric assessment; COPD: chronic obstructive
pulmonary disease; FA: food allergies; HAE-C1-INH: hereditary deficiency in
the C1 inhibitor; IgE: Immunoglobulin E; LABAs: long-acting β-adrenergic
agonists; MT: metallothioneins; NK cells: natural killer cells, NKT cells: natural
killer T cells; NKT cells: natural killer T cells; NSAIDS: nonsteroidal anti-
inflammatory drugs; SIT: specific immunotherapy; TCR: T cell receptor; TLR:
toll like receptors; Zn: zinc.
Author details
1Allergy Section, Department of Internal Medicine, Hospital Universitari Vall
d’Hebron, Barcelona, Spain. 2Allergy Research Unit, Institut de Recerca Vall
d’Hebron, Universitat Autònoma de Barcelona, Spain.
Authors’ contributions
Each author was responsible to draft a part of the manuscript. All authors
read and approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Received: 22 August 2011 Accepted: 17 October 2011
Published: 17 October 2011
References
1. Mathur SK: Allergy and asthma in the elderly. Semin Respir Crit Care Med
2010, 31(5):587-95.
2. Kuokkanen L: Drugs eruptions: a series of 464 cases in the Department
of Dermatology University of Tineku, Finland during 1966-1970. Acta
Allergol 1972, 24:407.
3. Mallet L, Spinewine A, Huang A: The challenge of managing drug
interactions in elderly people. Lancet 2007, 370:185.
4. Gomez CR, Nomellini V, Faunce DE, Kovacs EJ: Innate immunity and aging.
Exp Gerontol 2008, 43(8):718-28.
5. Busse PJ, Mathur SK: Age-related changes in immune function: effect on
airway inflammation. J Allergy Clin Immunol 2010, 126(4):690-9.
6. Dunn-Walters DK, Ademokun AA: B cell repertoire and aging. Curr Opin
Immunol 2010, 22(4):514-20.
7. Pawelec G: Immunosenescence comes of age. Symposium on Aging
Research in Immunology: The Impact of Genomics. EMBO Rep 2007,
8(3):220-3.
8. Mocchegiani E, Malavolta M, Costarelli L, Giacconi R, Cipriano C, Piacenza F,
Tesei S, Basso A, Pierpaoli S, Lattanzio F: Zinc, metallothioneins and
immunosenescence. Proc Nutr Soc 2010, 69(3):290-9.
9. Pietschmann P, Woloszczuk W, Pietschmann H: Increased serum
osteocalcin levels in elderly females with vitamin D deficiency. Clin Exp
Endocrinol 1990, 95:275-278.
10. Chambers ES, Hawrylowicz CM: The impact of Vitamin D on Regulatory T
Cells. Curr AllergyAsthma Rep 2011, 11:29-36.
11. Hyppönen E, Berry DJ, Wjst M, Power C: Serum 25-hydroxyvitamin D and
IgE - a significant but nonlinear relationship. Allergy 2009, 64:613-620.
12. Scichilone N, Callari A, Augugliaro G, Marchese M, Togias A, Bellia V: The
impact of age on prevalence of positive skin prick tests and specific IgE
tests. Respir Med 2011, 105(5):651-8.
13. Mediaty A, Neuber K: Total and specific serum IgE decreases with age in
patients with allergic rhinitis, asthma and insect allergy but not in
patientswith atopic dermatitis. Immun aging 2005, 2(1):9.
14. Gergen PJ, Turkeltaub PC, Kovar MG: The prevalence of allergic skin test
reactivity to eight common aeroallergens in the U.S. population: results
from the second National Health and Nutrition Examination Survey. J
Allergy Clin Immunol 1987, 80(5):669-79.
15. Barbee RA, Kaltenborn W, Lebowitz MD, Burrows B: Longitudinal changes
in allergen skin test reactivity in a community population sample. J
Allergy Clin Immunol 1987, 79:16.
16. Scichilone N, Augugliaro G, Togias A, Bellia V: Should atopy be assessed in
elderly patients with respiratory symptoms suggestive of asthma? Expert
RevRespir Med 2010, 4(5):585-91.
17. Sahin Yilmaz AA, Corey JP: Rhinitis in the elderly. Curr Allergy Asthma Rep
2006, 6(2):125-31.
18. Lindermann J, Sannwald D, Wiesmiller K: Age-related changes in intranasal
air conditioning in the elderly. Laryngoscope 2008, 188:8-1472.
19. Kirtsreesakul V, Somjareonwattana P, Ruttanaphol S: The correlation
between nasal symptom and mucociliary clearance in allergic rhinitis.
Laryngoscope 2009, 119(8):1458-62.
20. Hanania NA, King MJ, Braman SS, Saltoun C, Wise RA, Enright P, Falsey AR,
Mathur SK, Ramsdell JW, Rogers L, Stempel DA, Lima JJ, Fish JE, Wilson SR,
Boyd C, Patel KV, Irvin CG, Yawn BP, Halm EA, Wasserman SI, Sands MF,
Ershler WB, Ledford DK, Asthma in the Elderly workshop participants:
Asthma in the elderly: Current understanding and future research
needs-a report of a National Institute on Aging (NIA) workshop. J Allergy
Clin Immunol 2011, 128(3 Suppl):S4-S24.
21. Grundmann SA, Ständer S: Evaluation of chronic pruritus in older
patients. Aging Health 2010, 6:53-66.
22. Farage MA, Miller KW, Elsner P, Maibach HI: Functional and physiological
characteristics of the aging skin. Aging Clin Exp Res 2008, 20:195-200.
23. Czernielewski JM, Masouye I, Pisani A, Ferracin J, Auvolat D, Ortonne JP:
Effect of chronic sun exposure on human Langerhans cell densities.
Photodermatol 1988, 5(3):116-20.
24. Balato A, Balato N, Costanzo L, Ayala F: Contact sensitization in the
elderly. Clinics in Dermatology 2011, 29:24-30.
25. De Faria AM, Ficker SM, Speziali E, Menezes JS, Stransky B, Silva Rodrigues V,
Vaz NM: Aging affects oral tolerance induction but not its maintenance
in mice. Mech aging Dev 1998, 102:67-80.
26. Thoreaux K, Owen RL, Schmucker DL: In,101testinal lymphocyte munber,
migration and antibody secretion in young and old rats. Immunology
2000, 101:161-167.
27. Ahluwalia N, Sun J, Krause D, Mastro A, Handte G: Immune function is
impaired in iron-deficient, homebound, older women. Am J Clin Nutr
2004, 79:516-521.
28. Ma TY, Hollander D, Dadufalzav V, Krugliak P: Effect of aging and caloric
restriction on intestinal permeability. Exp Gerontology 1992, 27:321-333.
29. Saweirs WM, Andrews DJ, Low-Beer TS: The double sugar test of intestinal
permeability in elderly. Age aging 1985, 14:312-315.
30. Persson J: Alcohol and the small intestine. Scand J Gastroenterol 1991,
26:3-15.
31. Bakos N, Schöll I, Szalai K, Kundi M, Untersmayr E, Jensen-Jarolim E: Risk
assessment in elderly for sensitization to food and respiratory allergens.
Immunol Lett 2006, 107(1):15-21.
Cardona et al. Clinical and Translational Allergy 2011, 1:11
http://www.ctajournal.com/content/1/1/11
Page 8 of 10
32. Mullin Jm, Valenzano MC, Whitby M, Lurie D, Schmidt JD, Jain V, Tully O,
Kearney K, Lazowick D, Mercogliano G, Thornton JJ: Esomeprazole induces
upper gastrointestinal tract transmucosal permeability increase. Aliment
Pharmacol Ther 2008, 28:1317-1325.
33. Untersmayr E, Jensen-Jarolim E: The role of protein digestibility and
antiacids on food allergy outcomes. J allergy Clin Immunol 2008,
121:1301-1308.
34. Pinto JM, Jeswani S: Rhinitis in the geriatric population. Allergy Asthma
Clin Immunol 2010, 6(1):10.
35. Bauchau V, Durham SR: Prevalence and rate of diagnosis of allergic
rhinitis in Europe. Eur Respir J 2004, 24:758-64.
36. Singh K, Axelrod S, Bielory L: The epidemiology of ocular and nasal
allergy in the United States, 1988-1994. J Allergy Clin Immunol 2010,
126(4):778-783.
37. Slavin RG: Special considerations in treatment of allergic rhinitis in the
elderly: role of intranasal corticosteroids. Allergy Asthma Proc 2010,
31(3):179-84.
38. Gibson PG, McDonald VM, Marks GB: Asthma in older adults. Lancet 2010,
376(9743):803-13.
39. Luks VP, Vandemheen KL, Aaron SD: Confirmation of asthma in an era of
overdiagnosis. Eur Respir J 2010, 36(2):255-60.
40. Enright PL, McClelland RL, Newman AB, Gottlieb DJ, Lebowitz MD:
Underdiagnosis and undertreatment of asthma in the elderly.
Cardiovascular Health Study Research Group. Chest 1999, 116(3):603-13.
41. Barua P, O’Mahony MS: Overcoming gaps in the management of asthma
in older patients: new insights. Drugs Aging 2005, 22(12):1029-59.
42. Bellia V, Catalano F, Pistelli R, Antonelli-Incalzi R: Aging on quality of
spirometry. Am J Respir Crit Care Med 2004, 170(1):100.
43. García-Río F, Pino JM, Dorgham A, Alonso A, Villamor J: Spirometric
reference equations for European females and males aged 65-85 yrs. Eur
Respir J 2004, 24(3):397-405.
44. Chanez P, Vignola AM, O’Shaugnessy T, Enander I, Li D, Jeffery PK,
Bousquet J: Corticosteroid reversibility in COPD is related to features of
asthma. Am J Respir Crit Care Med 1997, 155(5):1529-34.
45. Ward JR, Bernhard JD: Willan’s itch and other causes of pruritus in the
eldery. Int J dermatol 2005, 44:267-73.
46. Beauregard S, Gilchrest BA: A survey of skin problems and skin care
regimens in the elderly. Arch Dermatol 1987, 123(12):1638-43.
47. Norman RA: Xerosis and pruritus in the elderly: recognition and
management. Dermatol ther 2003, 16(3):254-9.
48. Reich A, Ständer S, Szepietowski JC: Pruritus in the elderly. Clin Dermatol
2011, 29(1):15-23.
49. Misery L, Wallengren DJ, Wisshaar E, Zalewska A: Validation of diagnosis
criteria of functional itch disorder or psychogenic pruritus. Acta Derm
Venereol 2008, 88:503-4.
50. Reich A, Ständer S, Szepietowski JC: Drug-induced pruritus:a review. Acta
Derm Venereol 2009, 89:236-44.
51. Piaserico S, Larese F, Recchia GP, Corradin MT, Scardigli F, Gennaro F,
Carriere C, Semenzato A, Brandolisio L, Peserico A, Fortina AB, North-East
Italy Contact Dermatitis Group: Allergic contact sensitivity in elderly
patients. Aging Clin Exp Res 2004, 50:379-81.
52. Onder M, Orhan Oztas M: Contact dermatitis in the elderly. Contact
Dermatitis 2003, 48:232-3.
53. Wantke F, Hemmer W, Jarisch R, Gotz m: Patch test reaction in children,
adults and the elderly. Contact Dermatitis 1996, 34:316-9.
54. Margolis DJ, Bilker W, Santanna J, Baumgarten M: Venous leg ulcer:
incidence and prevalence in the elderly. J Am Acad Dermatol 2002,
46:381-6.
55. Nedorost S, Stevens S: Diagnosis and Treatment of Allergic Skin Disorders
in the Elderly. Drug Aging 2001, 18(11):827-835.
56. Isaksson M, Bruze M, Björkner B, Hindsén M, Svensson L: The benefit of
patch testing with a corticosteroid at a low concentration. Am J Contact
Derm 1999, 10(1):31-3.
57. Reitschel RL, Flowler JF, editors: Fisher’s contact dermatitis. Philadelphia:
Lippincott, Williams and Wilkins;, 5 2001.
58. MacKenzie-Wood AR, Freeman S: Unclassified endogenous eczema.
Contact Derm 1999, 41(1):18-21.
59. Cicardi M, Bisiani G, Cugno M, Spath P, Agostoni A: Autoimmune C1
inhibitor deficiency: report of eight patients. Am J Med 1993, 95:169-75.
60. Malde B, Regalado J, Greenberger PA: Investigation of angioedema
associated with the use of angiotensin-converting enzyme inhibitors
and angiotensin receptor blockers. Ann Allergy Asthma Immunol 2007,
98:57-63.
61. Vleeming W, van Amsterdam JG, Stricker BH, de Wildt DJ: ACE inhibitor-
induced angioedema. Incidence, prevention and management. Drug Saf
1998, 18:171-88.
62. Campbell Rl, Hagan JB, LI JTC, Vukov Sc, Kanthala AR, Smith VD,
Manivannan V, Bellolio MF, Decker WW: Anaphylaxis in emergency
department in patients 50 or 65 or older. Ann Allergy Asthma Immunol
2011, 106:401-406.
63. Cunningham G: Adverse drug reactions in the elderly and their
prevention. Scott Med J 1997, 42(5):136-7.
64. World Health Organization: health care in the elderly. Drugs 1981,
22:279-94.
65. Gurwitz JH, Avorn J: The ambiguous relation between aging and adverse
drug reactions. Ann Intern Med 1991, 31:101-28.
66. Gandhi TK, Weingart SN, Borus J, Seger AC, Peterson J, Burdick E, Seger DL,
Shu K, Federico F, Leape LL, Bates DW: Adverse drug events in
ambulatory care. N Engl J Med 2003, 348:1556-64.
67. Turnheim K: Drug dosage in the elderly. Is it rational? Drugs and aging
1998, 13(5):357-79.
68. Beijer HJ, de Blaey CJ: Hospitalisations caused by adverse drug reactions:
a meta-analysis of observational Studies. Pharm World Sci 2002, 24-46.
69. Lazarou J, Pomeranz BH, Corey PN: Incidence of adverse drug reactions in
hospitalized patients: a meta-analysis of prospective studies. JAMA 1998,
279:1200.
70. Budnitz DS, Shehab N, Kegler SR, Richards CL: Medication use leading to
emergency department visits for adverse drug events I older adults.
2007, 147(11):755-65.
71. Demoly R, Romano A: Update on beta-lactam allergy diagnosis. Curr
Allergy Asthma Rep 2005, 5:9-14.
72. Manfredi M, Severino M, Testi S, Severino M, Testi S, Macchia D, Ermini G,
Pichler WJ, Campi P: Detection of specific IgE to quinolones. J Allergy Clin
Immunol 2004, 113-155.
73. Namazy JA, Simon RA: Sensitivity to nonsteroidal anti-inflammatory
drugs. Ann Allergy Asthma Immunol 2002, 89-542.
74. Baldo BA, Fisher MM, Pham NH: On the origin and specificity of
antibodies to neuromuscular blocking (muscle relaxant) drugs: an
immunochemical perspective. Clin Exp Allergy 2009, 325.
75. Pichler WJ: Delayed drug hypersensitivity reactions. Ann Intern Med 2003,
139(8):683-93.
76. Devons CA: Comprehensive geriatric assessment: making the most of
the aging years. Curr Opin Clin Nutr Metab Care 2002, 5:19.
77. Stuck AE, Siu AL, Wieland GD, Adams J, Rubenstein LZ: Comprehensive
geriatric assessment: a meta-analysis of controlled trials. Lancet 1993,
342(8878):1032-6.
78. Kuo HK, Scandrett KG, Dave J, Mitchell SL: The influence of outpatient
comprehensive geriatric assessment on survival: a meta-analysis. Arch
Gerontol Geriatr 2004, 39(3):245-54.
79. Maggiore RJ, Gross CP, Hurria A: Polypharmacy in older adults with
cancer. Oncologist 2010, 15(5):507-22.
80. Hall MRP: Drug interactions in the elderly. J Am Geriatr Soc 1982, 28(Suppl
1):18-24.
81. Seymour R, Routledge A: Important Drug-Drug Interactions in the Elderly.
Drug & Aging 1998, 12(6):485-496.
82. Hansen J, Klimek L, Hörmann K: Pharmacological management of allergic
rhinitis in the elderly: safety issues with oral antihistamines. Drugs Aging
2005, 22(4):289-96.
83. Yilmaz AAS, Corey JP: Rhinitis in the elderly. Curr Allergy Asthma Rep 2006,
61:125-131.
84. Slavin RG, Haselkorn T, Lee JH, Zheng B, Deniz Y, Wenzel SE, TENOR Study
Group: Asthma in older adults: observations from the epidemiology and
natural history of asthma: outcomes and treatment regimens (TENOR)
study. Ann Allergy Asthma Immunol 2006, 96(3):406-14.
85. Bian B, Kelton CM, Wigle PR, Guo JJ: Evaluating safety of long-acting beta
agonists (LABAs) in patients with asthma. Curr Drug Saf 2010, 5(3):245-50.
86. Ducharme FM, Ni Chroinin M, Greenstone I, Lasserson TJ: Addition of long-
acting beta2-agonists to inhaled corticosteroids versus same dose
inhaled corticosteroids for chronic asthma in adults and children.
Cochrane Database Syst Rev 2010, , 5: CD005535.
87. Pesek R, Lockey R: Vaccination of adults with asthma and COPD. Allergy
2011, 66(1):25-31.
Cardona et al. Clinical and Translational Allergy 2011, 1:11
http://www.ctajournal.com/content/1/1/11
Page 9 of 10
88. Szepietowski JC, Reich A: Pruritus: pathomechanism, clinics, treatment.
Poznan: Termedia Publishing House; 2010.
89. Drake LA, Fallon JD, Sober A: Relief of pruritus in patients with atopic
dermatitis after treatment with topical doxepin cream. The Doxepin
Study Group. J Am Acad Dermatol 1994, 31:613-6.
90. Duque MI, Yosipovitch G, Fleischer AB Jr, Willard J, Freedman BI: Lack of
efficacy of tracrolimus ointment 0,1% for treatment of hemodialysis-
related pruritus: a randomized, double-blind, vehicle controlled study. J
Am Acad Dermatol 2005, 52:519-21.
91. Stander S, Reinhardt HW, Luger TA: Topical cannabinoid agonists. An
effective new possibility for treating chronic pruritus. Hautarzt 2006,
57(9):801-7.
92. Patel T, Yosipovitch G: The Management of Chronic Pruritus in the
Elderly. Skin Therapy Letter 2010, 15(8):5-10.
93. Szepietowski JC, Morita A, Tsuji T: Ultraviolet B induces mast cell
apoptosis: a hypothetical mechanism of ultraviolet B treatment for
uraemic pruritus. Med Hypotheses 2002, 58:167-70.
94. Simons FER, Fraser TG, Maher J, Pillay N, Simons KJ: Central nervous
system effects of H1-receptor antagonists in the elderly. Ann Allergy
Asthma Immunol 1999, 82:157-160.
95. Agostini JV, Leo-Summers LS, Inouye SK: Cognitive and other adverse
effects of diphenhydramine use in hospitalized older patients. Arch
Intern Med 2001, 161(17):2091-7.
96. Simons FER: Advances in H1-antihistamines. N Engl J Med 2004,
351:2203-2217.
97. Breton G, Froissart M, Janus N, Launay-Vacher V, Berr C, Tzourio C,
Helmer C, Stengel B: Inappropriate drug use and mortality in community-
dwelling elderly with impaired kidney function–the Three-City
population-based study. Nephrol Dial Transplant 2011, 26(9):2852-9.
98. Simons FE: Comparative pharmacology of H1 antihistamines: clinical
relevance. Am J Med 2002, 113(Suppl 9A):38S-46S.
99. Affrime M, Gupta S, Banfield C, Cohen A: A pharmacokinetic profile of
desloratadine in healthy adults, including elderly. Clin Pharmacokinet
2002, 41(Suppl 1):13-9.
100. Flammiger A, Maibach H: Drug Dosage in the Elderly. Drugs Aging. 2006,
23(3):203-215.
101. Keenan PA, Jacobson MW, Soleymani RM, Mayes MD, Stress ME, Yaldoo DT:
The effect of memory of chronic prednisone treatment in patients with
systemic disease. Neurology 1996, 47(6):1396-402.
102. Blackburn D, Hux J, Mamdani M: Quantification of the risk of
corticosteroid-induced diabetes mellitus among the elderly. J Gen Intern
Med 2002, 17:717-20.
103. Piper JM, Ray WA, Daugherty JR, Griffin MR: Corticosteroid use and peptic
ulcer disease: role of nonsteroidal anti-inflamatory drugs. Ann Intern Med
1991, 114:735-40.
104. Wang JJ, Rochtchina E, Tan AG, Cumming RG, Leeder SR, Mitchell P: Use of
inhaled and oral corticosteroids and the long-term risk of cataract.
Ophthalmology 2009, 116(4):652-7.
105. Weinstein RS: Clinical practice. Glucocorticoid-induced bone disease. N
Engl J Med 2011, 365(1):62-70.
106. Liu WM, Zeijst BA, Boog CJ, Soethout EC: Aging and impaired immunity to
influenza viruses: Implications for vaccine development. Hum Vaccin
2011, 7.
107. Armentia A, Fernández A, Tapias JA, Méndez J, de la Fuente R, Sánchez-
Palla P, Sanchís E: Immunotherapy with allergenic extracts in geriatric
patients: evaluation of effectiveness and safety. Allergol Immunopathol
(Madr) 1993, 21(5):193-6.
108. Asero R: Efficacy of injection immunotherapy with ragweed and birch
pollen in elderly patients. Int Arch Allergy Immunol 2004, 135(4):332-5.
109. Marogna M, Bruno ME, Massolo A, Falagiani P: Sublingual immunotherapy
for allergic respiratory disease in elderly patients: a retrospective study.
Eur Ann Allergy Clin Immunol 2008, 40(1):22-9.
doi:10.1186/2045-7022-1-11
Cite this article as: Cardona et al.: Allergic diseases in the elderly. Clinical
and Translational Allergy 2011 1:11.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Cardona et al. Clinical and Translational Allergy 2011, 1:11
http://www.ctajournal.com/content/1/1/11
Page 10 of 10
